The authors prospectively examined the effects of social ties and change in social ties, as measured by a wellknown social network index, on total and cause-specific mortality and on coronary heart disease incidence in 28,369 US male health professionals aged 42-77 years in 1988. Over 10 years, the relative risk of total mortality for men in the lower two levels of social integration compared with more socially integrated men was 1.19 (95% confidence interval: 1.06, 1.34) after controlling for age, occupation, health behaviors, general physical condition, coronary risk factors, and dietary habits. In multivariate analysis, deaths from accidents and suicide and from other noncancer, noncardiovascular causes were significantly increased among less socially connected men. Socially isolated men also had an increased risk of fatal coronary heart disease (multivariate relative risk = 1.82, 95% confidence interval: 1.02, 3.23). An increase in the overall social network index between 1988 and 1996 was not significantly associated with subsequent 2-year mortality. In analyses of change in social network components restricted to older men, each categorical unit increase in number of close friends was significantly associated with a 29% decrease in risk of death. Increase in religious service attendance over time was also significantly predictive of decreased mortality. Am J Epidemiol 2002;155:700-9.
To date, 14 known cohort studies have demonstrated a protective association between social interaction and mortality (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Overall, socially isolated persons have two to four times the risk of all-cause mortality compared with those with more ties to friends, relatives, and community. While there is abundant evidence that social interaction protects against overall mortality, several issues remain unresolved.
Relatively little is known of the impact of social ties on specific endpoints. A few studies have detected protective effects of social interaction on cardiovascular (7, 12) and cancer (15) mortality and on the incidence of coronary heart disease and stroke (12, 16) . In a previous analysis of the Health Professionals Follow-up Study (12) , socially isolated men had higher age-adjusted risks of death from cardiovascular disease and from accidents and suicide compared with well-integrated men. Over 4 years, social ties were also related to the incidence of fatal coronary heart disease. However, interpretation was limited for certain endpoints because of small case numbers. In the present study, we reexamined the relations between social ties, as measured by the Berkman-Syme social network index (1) , and causespecific mortality and coronary heart disease in the Health Professionals Follow-up Study. With extended follow-up, we sought to further clarify the associations with specific endpoints.
Another question requiring closer study is the potential mechanisms by which social interaction affects health. Theoretically, social relationships may affect health through behavioral and/or physiologic pathways (17) . Social support appears to influence negative health behaviors such as smoking, heavy alcohol consumption, poor dietary habits, sedentary lifestyle, and suboptimal health service utilization (18) (19) (20) (21) (22) (23) . Social ties may buffer against stress and thereby reduce activation of the neuroendocrine system, leading to diminished progression of atherosclerosis and other pathophysiologic processes (24) (25) (26) . In the current analyses, health behavior, medical, and dietary factors were controlled for as confounders and were simultaneously evaluated for their mediating potential.
Finally, whether change in social networks affects subsequent mortality has not been established. The relation between change in social ties and health has been examined primarily in terms of marital transition, particularly recent widowhood, and all-cause mortality (27) (28) (29) . Generally, mortality rates have been higher for bereaved persons than for their married counterparts. Yet, the effects of social isolation and grief cannot be easily disentangled in bereavement studies. To our knowledge, only one study has examined change in more extensive ties; change in a social network index was not predictive of mortality in multivariate analysis (30) . To address this issue, we measured social networks at two points 8 years apart, and we examined the impact of change in social ties on subsequent 2-year mortality.
MATERIALS AND METHODS

Study population
The Health Professionals Follow-up Study is a prospective cohort study of chronic disease among 51,529 male health professionals aged 40-75 years in 1986. Cohort members are dentists (58 percent), veterinarians (20 percent), pharmacists (8 percent) , optometrists (7 percent), osteopaths (4 percent), and podiatrists (3 percent). At enrollment, data on medical history and risk factors were obtained from the participants by mailed questionnaire. Every 2 years, follow-up questionnaires have been mailed to update information on exposures and newly diagnosed diseases. Response rates for the questionnaires have been over 90 percent.
In 1988 and 1996, the Berkman-Syme social network index was incorporated into the questionnaire. Because preexisting disease could affect a person's social network, we excluded 12,052 participants who reported any of the following diagnoses prior to the return of the 1988 questionnaire: myocardial infarction, coronary artery bypass graft, percutaneous transluminal coronary angioplasty, angina pectoris, heart rhythm disorder, stroke, cancer (except nonmelanoma skin cancer), and chronic renal failure; we also omitted 434 men who died before 1988. We also excluded 10,674 men who did not provide social network data in 1988. The main study population therefore consisted of 28,369 men. Nonrespondents had a higher risk of dying over the 10-year follow-up (7.2 vs. 6.0 percent), and they were more likely to have smoked in 1986. Other health behaviors and medical conditions such as hypertension were distributed similarly among the respondent groups. Mean age, and distributions of marital status, employment status, and occupation, in 1986 were also similar. Because the social network index was updated in 1996, participants who reported any of the above-mentioned conditions prior to 1996 were excluded from the consideration of persontime beyond 1996. For our analysis of change in social networks, a subgroup of 17,769 men who completed the social network indices in 1988 and 1996 and were free of these conditions in 1996 was followed from 1996 to 1998. In 1988, these subjects had the same network index score (mean, 3.2) as the main group but were slightly younger, and they had fewer negative health behaviors and conditions.
The social network index
The Berkman-Syme social network index is based on four types of social connections: 1) marital status (married vs. unmarried); 2) sociability (frequency and contact with close friends and relatives measured as a subscale with levels 1, 2, and 3; lower values indicate fewer numbers and less contact); 3) religious group affiliation (yes vs. no); and 4) membership in other social or community organizations (yes vs. no). Participants provided data on marital status, number of close friends and relatives, number of friends and relatives seen at least once a month, frequency of religious service attendance, and hours spent each week participating in other social or community groups. The index measures degree of social integration, taking into account number as well as relative importance of different ties. Therefore, intimate ties are given more weight than group affiliations. The index has four levels: low, medium, medium-high, and high (respectively, I, II, III, and IV). Persons with low levels of social ties can be characterized as unmarried, having few friends or relatives, and not being involved in community groups. Further details on construction of the index have been described elsewhere (31) .
Covariates
Information on covariates was updated every 2 years except as noted. Data were collected on health behaviors, including smoking, alcohol intake, combined leisure-time and routine physical activity, body mass index, and routine physical examination in the last 2 years. We obtained information on general physical condition, such as the ability to climb several flights of stairs and do heavy housework, and on employment status. Participants also reported diagnoses of hypertension, diabetes, and hypercholesterolemia and antidepressant use. Parental history of myocardial infarction before age 60 years was reported in 1986. Intakes of alcohol and energy-adjusted total and saturated fats, folate, and fiber were measured every 4 years by using a semiquantitative food frequency questionnaire (32) . Vitamin supplement use was also reported. Occupational data on health profession (e.g., dentist) were obtained in 1986.
Mortality and morbidity endpoints
All endpoints occurred between return of the 1988 questionnaire and January 31, 1998, for the main analysis and between return of the 1996 questionnaire and January 31, 1998 , for the analysis of change in social ties. In most instances, we were informed of a subject's death by next of kin, postal authorities, or work associates. The National Death Index was used to ascertain vital status of repeat nonresponders to the mailed questionnaires. It is estimated that 98 percent or more of cohort deaths are ascertained with the National Death Index (33) . To determine cause of death, death certificates and hospital or pathology reports were reviewed by physicians blinded to exposure status. The following mortality outcomes were of interest: all-cause mortality; cardiovascular disease mortality, including coronary heart disease (International Classification of Diseases, Ninth Revision (ICD-9), codes 410-414, 798) and stroke (ICD codes 430-438); cancer mortality (ICD-9, codes 140-209); mortality due to external causes of injury (ICD "E" codes including accidents, suicides, poisonings, and other trauma); and mortality from all other causes.
Medical records for reported coronary heart disease were reviewed by a physician in a blinded manner. Nonfatal myocardial infarction was classified as "definite" if World Health Organization criteria (34) were met, and required symptoms with typical changes in electrocardiograph readings or cardiac enzyme levels were noted. Nonfatal myocardial infarction was classified as "probable" when hospital records were not available but the event required hospital admission and the diagnosis was corroborated in an additional contact via letter or telephone. Deaths from myocardial infarction were confirmed by using hospital records and autopsy reports. Additionally, fatal coronary heart disease was confirmed by using death certificates if coronary heart disease was listed as the most plausible cause of death and preexistence of coronary heart disease was supported by hospital records or interviews with next of kin. Sudden cardiac death was defined as death occurring within 1 hour of symptom onset with no serious antecedent condition and no other likely cause of death reported. Approximately 12 percent of nonfatal myocardial infarctions and 13 percent of fatal cases were confirmed with supplementary information other than medical records and were deemed "probable." We included both definite and probable cases in counts, since exclusion of probable events did not alter our results. All incident first events of nonfatal myocardial infarction, fatal coronary heart disease, sudden cardiac death, coronary artery bypass graft surgery, and angioplasty were included in counts for total coronary heart disease.
Statistical analysis
For each level of social integration, baseline proportions of potential confounders were age standardized by using the overall cohort's age distribution as the standard. Each subject contributed person-time from return of the 1988 questionnaire (or, for the analysis of change in social ties, from return of the 1996 questionnaire) until the time of the first event or death, or January 31, 1998. Relative risk estimates were adjusted for age (5-year categories) by using the Mantel-Haenszel summary estimator (35) . Pooled logistic regression was used to examine the impact of social networks, controlling for multiple confounders. All covariates were time varying except occupation and parental history of myocardial infarction. The relative risk obtained from pooled logistic regression closely approximates the hazard rate ratio from Cox proportional hazards models with time-varying covariates under conditions met by this study: short (e.g., 2-year) follow-up intervals for grouping events and low incidence of an event within each interval (36) . The Mantel extension test was used to exam- * Intakes of total fat, saturated fat, folate, and fiber were energy adjusted.
† Am J Epidemiol 1979;109:186-204. ‡ "High" defined as being in the highest quintile of the baseline population. § "Low" defined as being in the lowest quintile of the baseline population. ine trends in risks across levels of the social network index (37) . The impact of an increase in social interaction on mortality, adjusted for overall level, was examined by including both average level and change in social ties between 1988 and 1996 as continuous predictors in multiple logistic regression models. Since most subjects experienced only incremental shifts in social network variables over time (e.g., level II to III of the social network index) rather than extreme changes (e.g., level I to IV), we used original categorical scores as values. Scores 1-4 were used for levels I-IV of the overall index, and 1-3 were used for the sociability subscale; a higher score indicated increased integration. For questions on friends and relatives, it was hypothesized that the effect of change would diminish with increasing underlying number; for example, an increase from 0 to 1-2 friends would have the same effect as an increase from 3-5 to 6-9 friends. Hence, we sought to indirectly account for potential differences in intimacy and support per relation. For religious service attendance, each unit increase in monthly attendance was hypothesized to have the same effect, regardless of underlying frequency. Dichotomous variables were used to examine the effects of increased social group participation over time (e.g., 10 or fewer to 11 or more hours per week) and becoming married. Because change in physical function may be linked to change in social ties, we controlled for overall levels, including change between 1988 and 1996, in the ability to climb several flights of stairs and do heavy housework as well as employment status in 1988 and 1996. We also controlled for occupation in 1986 and the following variables in 1996: age, smoking, alcohol intake, physical activity, and antidepressant use. Since the elderly may be particularly vulnerable to changes in both social networks and health status (38) (39) (40) , change in social interaction could have more pronounced effects among older persons. Accordingly, we conducted analyses within strata of men aged less than 65 years and 65 years or more.
RESULTS
At the start of follow-up, 6 .0 percent of the study population was socially isolated (level I of the social network 1988-1990, 1990-1992, 1992-1994, 1994-1996, 1996-1998) , occupation in 1986, smoking history (never, past, and current in categories of 1-14, 15-24, and ≥25 cigarettes/day), daily alcohol intake (0, 0.01-9.9, 10-19.9, 20-29.9, and ≥30 g/day), quintiles of body mass index, quintiles of physical activity, routine physical examination in the last 2 years (yes/no), ability to climb several flights of stairs (yes/no), ability to do heavy housework (yes/no), employment status (full time, part time, retired, disabled), history of hypertension, diabetes, high serum cholesterol, history of myocardial infarction in a parent aged <60 years (yes/no) in 1986, quintiles of energy-adjusted intakes of total fat, saturated fat, folate, and fiber, and multivitamin and vitamin E supplement use (yes/no).
¶ Multivariate model same as specified in § but excluding hypertension, diabetes, high serum cholesterol, parental history of myocardial infarction in 1986, and all dietary variables. # Multivariate model adjusted for age, time period, occupation in 1986, smoking history, daily alcohol intake, physical activity, routine physical examination, employment status, and antidepressant use. ** Multivariate model same as specified in § but excluding parental history of myocardial infarction in 1986 and all dietary variables. Socially isolated men were more likely to smoke, consume more alcohol, and be less active. Over the 10-year follow-up, 1,365 deaths occurred in 256,684 person-years. Of these deaths, 320 were due to cardiovascular disease, 504 to cancer, 81 to accidents and suicides, and 272 to other causes. In table 2, we present the ageadjusted and multivariate relative risks of total and cause-specific mortality by level of social network index. Risk of total mortality was similarly elevated only for those men in the lower two levels, suggesting a threshold effect. In additional analyses, data for men in the two most isolated levels were combined and were compared with those for men in higher levels; men in the combined lower levels had a significantly increased risk of total mortality (multivariate relative risk (RR) ϭ 1.19, 95 percent confidence interval (CI): 1.06, 1.34). When socially isolated men were compared with the most socially integrated men, the age-adjusted relative risk of cardiovascular death was 1.53 (95 percent CI: 1.02, 2.29). The corresponding multivariate estimate was attenuated and was not statistically significant. Men with a moderately low number of social ties (level II) had more than twice the risk of death from accidents and suicides relative to men with the most social connections (multivariate RR ϭ 2.32, 95 percent CI: 1.39, 3.86). The p value for the multivariate trend test was 0.01. The multivariate relative risk of mortality from other causes was 1.55 (95 percent CI: 1.04, 2.32) for men in the lowest level of the index compared with socially well-integrated men. In the category of other causes, the most frequent causes of death were chronic obstructive pulmonary disease (10.7 percent) and chronic liver disease and cirrhosis (8.1 percent). Social ties were not associated with risk of cancer mortality.
Confounding effects were examined further by adding covariates in conceptually related groups to a model of social network index and all-cause mortality adjusted for age and occupation only (table 3) . Adding health behaviors to this base model resulted in the greatest change in the relative risk estimate comparing socially isolated with socially wellintegrated men. Inclusion of general physical condition variables attenuated the age-and-occupation-adjusted relative risk to a moderate degree. In contrast, adding comorbidity or dietary variables to the base model did not substantially alter the relative risk estimates. Therefore, covariates related to health behavior and physical condition appeared to be the most influential confounders or, alternatively, to demonstrate the most potential as mediators between social networks and mortality. When we excluded health behaviors from the fully adjusted model for total mortality (table 2), the multivariate relative risk comparing lowest with highest levels of integration increased from 1.20 (95 percent CI: 0.97, 1.48) to 1.34 (95 percent CI: 1.09, 1.64).
Analysis of the overall index may have masked differential effects of underlying network components. Accordingly, results from multivariate analyses of individual components and of total and cause-specific mortality are presented in table 4 . In these analyses, network components were mutually adjusted. Unmarried men had increased risks of total mortality and of death from accidents and suicide and from other causes. Religious service attendance and social group participation were protective against all-cause mortality. Having more close friends and contact with relatives were each associated with a decreased risk of dying from other causes, while more close relatives protected against accidental death and suicide.
In table 5, we present age-adjusted and multivariate relative risks of coronary heart disease. Over 10 years, we § Health behavior variables include smoking history (never, past, and current in categories of 1-14, 15-24, and ≥25 cigarettes/day), daily alcohol intake (0, 0.01-9.9, 10-19.9, 20-29.9, and ≥30 g/day), quintiles of body mass index, quintiles of physical activity, routine physical examination in the last 2 years (yes/no).
¶ General physical condition variables include ability to climb several flights of stairs (yes/no), ability to do heavy housework (yes/no), employment status (full time, part time, retired, disabled).
# Medical history variables include history of hypertension, diabetes, high serum cholesterol, history of myocardial infarction in a parent aged <60 years (yes/no) in 1986. ** Dietary variables include quintiles of energy-adjusted intakes of total fat, saturated fat, folate, and fiber, and multivitamin and vitamin E supplement use (yes/no).
at Pennsylvania State University on February 27, 2014 http://aje.oxfordjournals.org/ Downloaded from observed 1,816 incident cases of total coronary heart disease; 618 cases of nonfatal myocardial infarction, 142 cases of fatal coronary heart disease (excluding sudden cardiac death), and 97 sudden cardiac deaths occurred. Socially isolated men had an increased risk of fatal coronary heart disease compared with socially well-integrated men (multivariate RR ϭ 1.82, 95 percent CI: 1.02, 3.23). Of individual network components, only the number of and contact with close friends were significantly associated with fatal coronary heart disease (data not shown). The incidence of total coronary heart disease, nonfatal myocardial infarction, and sudden cardiac death was not significantly increased among socially isolated men.
Prior to analyzing the effect of change in social ties on mortality, we examined the stability of social networks over time. When we compared 1988 and 1996 social network indices, level of social interaction did not remain fixed; the Spearman correlation coefficient was 0.57. Correlation coefficients for network components were as follows: religious service attendance, r ϭ 0.79; social group participation, r ϭ 0.47; sociability subscale, r ϭ 0.52; number of close friends, r ϭ 0.61 and relatives, r ϭ 0.58; and monthly contact with friends, r ϭ 0.57 and relatives, r ϭ 0.60.
An increase in the number of social ties between 1988 and 1996 was not predictive of subsequent 2-year mortality for men less than age 65 years (table 6) . For older men, we noted a nonsignificant decrease in mortality associated with an increase in the overall index between 1988 and 1996. For several facets of the elderly person's social network, an † All covariates were time varying except as noted. ‡ Multivariate relative risks were adjusted for age (5-year categories), time period (1988-1990, 1990-1992, 1992-1994, 1994-1996, 1996-1998) , occupation in 1986, smoking history (never, past, and current in categories of 1-14, 15-24, and ≥25 cigarettes/day), daily alcohol intake (0, 0.01-9.9, 10-19.9, 20-29.9, and ≥30 g/day), quintiles of body mass index, quintiles of physical activity, routine physical examination in the last 2 years (yes/no), ability to climb several flights of stairs (yes/no), ability to do heavy housework (yes/no), employment status (full time, part time, retired, disabled), history of hypertension, diabetes, high serum cholesterol, history of myocardial infarction in a parent aged <60 years (yes/no) in 1986, quintiles of energy-adjusted intakes of total fat, saturated fat, folate, and fiber, and multivitamin and vitamin E supplement use (yes/no).
§ CVD, cardiovascular disease. ¶ Multivariate model adjusted for age, time period, occupation in 1986, smoking history, daily alcohol intake, physical activity, routine physical examiniation, employment status, and antidepressant use.
# Multivariate model same as specified in ‡ but excluding parental history of myocardial infarction in 1986 and all dietary variables. ** Because of sparse deaths by accident/suicide, categories were collapsed as follows: social group participation (0 = 6 or more hours per week, 1 = 5 or fewer hours per week), number of close friends (0 = 3 or more, 1 = 2 or less).
at Pennsylvania State University on February 27, 2014
http://aje.oxfordjournals.org/ Downloaded from increase in social interaction over time was associated with survival. Because of a limited number of deaths of elderly persons (n ϭ 72), confidence intervals were wide and often included 1. In age-adjusted analysis, a within-person unit increase on the sociability subscale was associated with a 36 percent decrease in mortality, although this decrease was attenuated and was not significant in multivariate analysis. Friendships as opposed to interaction with relatives appeared to drive the latter association. Each categorical unit increase in the number of close friends was significantly associated with a 29 percent decrease in mortality. In addition, every additional religious service attendance per month was associated with a significant, although modest decline of 7 percent. In contrast, becoming married was linked to markedly, albeit nonsignificantly increased mortality risk among older men.
DISCUSSION
With an extended follow-up period of 10 years, we confirmed that men in the Health Professionals Follow-up Study who have fewer social ties have increased risks of mortality from all causes and from accidents and suicide. In addition, social isolation was associated with an increased risk of death from other causes. Prior studies in which the Berkman-Syme index or similar measures were used have demonstrated stronger associations with mortality (5, 8) . In the Evans County study (5), men with a low level of social interaction had a 50 percent increased risk of death compared with socially well-integrated men (multivariate RR ϭ 1.5, 95 percent CI: 0.8, 2.6). Because they are of a relatively high socioeconomic status and have greater health awareness, health professionals may be less vulnerable to the detrimental effects of social isolation. Hence, the present findings cannot be generalized to populations of lower socioeconomic status or educational attainment, in which a lack of social ties may have more profound effects.
Nonresponse bias is a potential limitation, since only 73 percent of eligible subjects responded to questions on social ties in 1988. In our analysis of change in social ties, we found that only 81 percent of eligible men updated their information on social ties in 1996. While nonresponse may have been related to poorer health status, it did not appear to be associated with level of social integration. Therefore, nonresponse bias is unlikely to account for our findings.
In terms of generalizability, caution is advised when extrapolating to less healthy populations that might be more adversely affected by social isolation. In addition, mortality risk estimates may be conservative because we excluded participants with preexisting disease, which precluded potentially important effects of social ties on disease prognosis.
One of the cohort's strengths is its homogeneity in terms of socioeconomic status, which is a well-established predictor of health and is related to level of social ties. Furthermore, we adjusted for occupation and employment status in multivariate analyses. Although socioeconomic status can vary within occupational categories, we minimized such variation by restricting the cohort to men of high sta- * Multivariate relative risks were adjusted for age (5-year categories), time period (1988-1990, 1990-1992, 1992-1994, 1994-1996, 1996-1998) , occupation in 1986, smoking history (never, past, and current in categories of 1-14, 15-24, and ≥25 cigarettes/day), daily alcohol intake (0, 0.01-9.9, 10-19.9, 20-29.9, and ≥30 g/day), quintiles of body mass index, quintiles of physical activity, routine physical examination in the last 2 years (yes/no), ability to climb several flights of stairs (yes/no), ability to do heavy housework (yes/no), employment status (full time, part time, retired, disabled), history of hypertension, diabetes, high serum cholesterol, history of myocardial infarction in a parent aged <60 years (yes/no) in 1986, quintiles of energy-adjusted intakes of total fat, saturated fat, folate, and fiber, and multivitamin and vitamin E supplement use (yes/no).
† tus. Previous validation studies have found dietary and alcohol intake, body mass index, and physical activity levels to be reported accurately by the cohort (32, (41) (42) (43) . Selfreports of smoking habits are generally accurate in observational studies of adults (44) . Accordingly, any residual confounding due to covariate misclassification should be minimal. Regarding endpoint ascertainment, death certificates were used to classify deaths from accidents and suicide and from other causes. Cancer and cardiovascular deaths (as well as incident coronary events) were physicianreviewed using medical records and standardized criteria. Since all classifications were blinded, any remaining error would likely have been random with respect to exposure, attenuating rather than exaggerating true effects.
With specific coronary endpoints, we confirmed that social interaction is related primarily to fatal coronary heart disease and not to nonfatal myocardial infarction or sudden cardiac death. Social networks seem to affect prognosis rather than initial development of disease. A caveat is the possibility of missing cases, particularly silent myocardial infarctions. If socially isolated men were less likely to be diagnosed after suffering nonfatal infarction, then a null association might be observed despite a true underlying effect. Other investigators have directly examined the effect * Multivariate relative risks were adjusted for overall level of the social tie between 1988 and 1996, overall levels including change between 1988 and 1996 in ability to climb several flights of stairs (yes/no) and do heavy housework (yes/no), employment status (full time, part time, retired/disabled) in 1988 and 1996, occupation in 1986, and the following variables in 1996: age (5-year categories), smoking history (never, past, and current in categories of 1-14, 15-24, and ≥25 cigarettes/day), daily alcohol intake (0, 0.01-9.9, 10-19.9, 20-29.9, and ≥30 g/day), quintiles of physical activity, and antidepressant use.
† Except for the dichotomous variables marital status (0 = unmarried; 1 = married) and social group participation (0 = 10 or fewer hours per week; 1 = 11 or more hours per week); to examine the within-person effect of marrying and increased social group participation, binary coding was inverted compared with coding in (45) . In our analysis of network components, intimate ties such as close friendships were protective against fatal coronary heart disease. Our findings support the existence of mechanistic pathways independent of a range of controlled covariates. Social isolation may be directly related to disease via physiologic mechanisms such as accelerated aging (46), increased cardiovascular reactivity (24) , and impaired immune function (47, 48) . On the other hand, if social networks impact health via behavioral pathways, analyses including health and dietary behaviors would be inappropriate. In incremental models of the overall index and total mortality, health behaviors were the most influential confounders or potential mediators, while inclusion of dietary and comorbidity variables did not alter relative risk estimates. If health behaviors are truly mediators, then removing them from the fully adjusted model should result in a more accurate estimate of the underlying effect. The associations with multiple endpoints suggest a general susceptibility to disease but may also reflect different cause-specific mechanisms. To discern how social relationships impact health, recent studies have begun to incorporate functional measures of social ties (13, 14) . The Berkman-Syme social network index measures structural aspects of relationships and does not assess functional social support. We were able to examine emotional support only indirectly by using items pertaining to marital status and to close friends and relatives.
Although confidence intervals did not consistently exclude 1, the direction of effects for an increase in the overall index and several of its components suggested a health benefit associated with increasing social ties among elderly men. Underlying behavioral modifications or physiologic alterations presumably have more impact on survival among the more vulnerable aged. An increased number of close friends over time was particularly protective against subsequent death. Notably, ties with friends and relatives may exert greater influence on survival with age (8) . The observation that men who became married had a nonsignificantly increased mortality risk does not concur with wellestablished reports of lower mortality among the married (49, 50) , and it may be due to chance. Our findings cannot be readily attributed to social interaction acting as a proxy for health status, since men with serious illness were excluded prior to the assessment of social networks in 1988 and 1996. Furthermore, in multivariate models, we controlled for overall level including change in physical condition between 1988 and 1996, as well as age, antidepressant use, and key health behaviors in 1996. Because the temporal relation between change in social ties and change in health and behavior remains unclear, adjustment may have resulted in underestimation of effects. In the only known previous study examining change in social networks, change in an overall index was not predictive of mortality among 2,153 rural elders in multivariate analysis (30) .
Increase in social group participation and any change in church attendance were associated with an increased risk of mortality among men. Discrepant results between studies may be due to differences in population characteristics (rural vs. nonrural), length of follow-up (9 vs. 2 years), and interval for change (3 vs. 8 years) .
In summary, level of social ties was predictive of a variety of health outcomes over an extended follow-up period. Our findings suggest that within-person change in social interaction may play a role in short-term survival among elderly men. It is unclear whether change predicts mortality over a longer follow-up or whether long-term or acute changes are more detrimental. Such information would be invaluable in planning interventions over the life course. Additional studies are needed to examine social network change in relation to development of specific health endpoints in different populations.
